Unless otherwise noted, reagents were obtained commercially and used without further purification. TLC analysis of reaction mixtures was performed on Merck silica gel 60 F254 TLC plates using UV light, ceric ammonium molybdate stain, potassium permanganate stain, and/or I 2 to visualize the reaction components. Flash chromatography was carried out on ICN SiliTech 32-63 D 60 Å silica gel according to standard procedures. Solvents used for chromatographic purification procedures (HPLC grade hexane and ethyl acetate) were obtained from Fisher Scientific. Unless otherwise noted, 1 H and 13 C NMR spectra were recorded at ambient temperature with Bruker AV-300, AVB-400, AVQ-400, DRX-500, AV-500, and AV-600 spectrometers and were referenced to residual protium in the NMR solvent (CHCl 3 , δ = 7.26 ppm; CH 3 CN, δ = 1.96 ppm) for 1H spectra and to carbon resonance of the NMR solvent (center line: CHCl 3 , δ = 77.2 ppm; CH 3 CN, δ = 1.79, 118.26 ppm) for 13 C spectra. 19 F and 31 P NMR spectra were recorded at ambient temperature with 
Synthesis of substrates.
Aryldiazonium salts were prepared according to the procedure of Bunnett. 1 [Ru(bpy) 3 ](PF 6 ) 2 was prepared according to the procedure of Meggers. 2 The syntheses of the following compounds have been previously described elsewhere:
1-(prop-1-en-2-yl)cyclobutanol (1a) 3 , 1-(1-phenylpropa-1,2-dienyl)cyclopropanol (12a) 4 , 1-(1-p-Tolylpropa-1,2-dienyl)cyclopropanol (12c) 4 , 3 ]·2(PF 6 ) improved the reactivity and the photocatalyst loading could be reduced to 2.5% (entries 9-10). The use of mixed solvents is helpfull (entries [11] [12] [13] [14] [15] [16] [17] [18] [19] , affording the best result in MeOH/CH 3 CN (3:1) (entry 13). The switchness of visible light source and decrease in diazonium loading efficiently improved the reactivity, affording 3aa in 87% isolated yield (entries 14 and 15). 
Effect of various transition metal catalysts
The reaction proceeded smoothly when either electron poor or rich triaryl phosphine ligand was used (Table S2 entries 1-5). However, the reactivity was dramatically reduced when sterically hindered ligand was employed (entry 6). Low conversion of 1a were observed when both alkyl and bidentate phosphine ligands were used (entries 7-13). Low yield of 3aa were also obtained when Au-Me, Au-Ph complex as well as cationic gold(I) compounds were used (entries 14-18). Only trace of desired product was obtained when the reaction proceeded in the presence of non-phosphine ligand or no ligand (entries 19-21). The reaction failed to be catalyzed by several other transition metal catalysts and acid (entries 22-26). 
Control experiments
The controlled experiments revealed that only trace amount of product was detected by 1 H NMR when the reaction proceeded in the absence of light, photocatalyst or gold catalyst (Table S3, To gain further insights for the mechanism of this dual catalytic process, we monitored the reaction progress by 31 P NMR spectroscopy ( Figure S1 ). Figure S3 ). The two numbers are consistent with the structure of Ph 3 P(4-MePh)BF 4. Figure S3 3.3.2. Effect of tempo on the reaction of Ph 3 PAuCl to phosphonium. The reaction of phosphine ligand to phosphonium (31 P NMR: 22.64) is significantly slowed down by addition of tempo. S13 Figure S4 The amount of homocoupling product (4-F)Ph-Ph(4-F) is significantly increased when Ph 3 PAuCl was added to 4-FPhN 2 BF 4 in photocatalysis conditions. The observed deuterated biaryl compound is formed by the reaction of 4-FPhN 2 BF 4 with d-Ar, which is generated by radical process in deuterated solvent. S14 , 2 4 -S e p-2 0 1 3 + 
Controlled reactions of Ph 3 PAuCl with diazoniums

Synthesis of [Ph 3 P(4-MePh)]BF 4 compound
Effect of gold catalyst on the formation of biaryl compound
Kinetic analysis based on the time-resolved FTIR spectroscopy
Starting with a fixed reservoir of 1-vinylcyclobutanol and 4-methyl benzyl diazonium, the kinetic behavior of the reactants, intermediates and products according to Scheme I is described by the following set of differential equations (in terms of concentrations)
Integration of the differential equations 1-3 gives
Expressed in absorbance units: S18 (4') 
The stereochemistry of 6 was determined by comparing 1 H NMR spectroscopy of 6-2 with 3ba-2. Compound 3ba-2 was prepared according to previous procedure. 6 To a stirred solution of N-phenylbis(trifluormethanesulphonimide) (214 mg, 0.6 mmol) S20 and ketone 3ba (77 mg, 0.3 mmol) in dry THF (4 mL) was dropwise added a solution of potassium hexamethyldisilazide (0.5 M in toluene, 1.2 mL, 0.6 mmol) over 20 min at -78 o C. The reaction mixture was stirred at this temperature for 1 hour then it was warmed to room temperature and stirred for 6 h. The mixture was diluted with hexane (30 mL), washed with water (30 mL), 10% aqueous solution of NaOH (20 mL) and then brine (30 mL). The organic phase was dried over MgSO 4 and concentrated under reduced pressure. The residue was further purified by flash chromatography to give the desired triflate 3ba-1 (85 mg, 72% yield).
To a stirred solution of triflate 3ba-1 (78 mg, 0.2 mmol), palladium acetate (2.2 mg, 5 mol%) and 1,3-bis(diphenylphosphino)propane (4.1 mg, 5 mol%) in 2 mL of dry NMP was added tri-n-butylamine (111 mg, 3 equiv) under an atmosphere of nitrogen.
The solution was then heated at 80 o C for 12 hours. The reaction mixture was cooled to room temperature and diluted with diethyl ether (20 mL). The mixture was washed with 1 M HCl (20 mL), water (20 mL) and then brine (20 mL). The organic phase was dried over MgSO 4 and concentrated under reduced pressure. The residue was further purified by flash chromatography to give the desired tricycle 3ba-2 (40 mg, 83% yield). 
General procedure for the synthesis of diazonium salts.
To a stirred solution of appropriate aniline (10 mmol) in a mixture of 50% fluoroboric acid (3 mL) and distilled water (3 mL), was added a solution of sodium nitrite (690 mg) in water (3 mL) at 0 o C. The mixture was stirred for 30 minutes and the thick precipitate was collected and re-dissolved in acetone. The diazonium tetrafluoroborate was then precipitated by the addition of diethyl ether. 
1-(4-methylpent-1-en-2-yl)cyclobutanol (1c)
Compound 1c (548 mg, 3.56 mmol) was prepared in 89% yield from 2-bromo-4-methylpent-1-ene 7 according to procedures described for 1b. 
Cis-deuterated-1-(oct-1-en-2-yl)cyclobutanol (4)
Compound 4 (615 mg, 3.36 mmol) was prepared in 84% yield from (Z)-1-deuterio-2-bromo-1-octene 8 according to procedures described for 1b.
Oil, D = 94%, with 1% of trans 5. 1 
Trans-deuterated-1-(oct-1-en-2-yl)cyclobutanol (5)
Compound 5 (600 mg, 3.28 mmol) was prepared in 82% yield from (E)-1-deuterio-2-bromo-1-octene 8 according to procedures described for 1b.
Oil, D = 99%, with 1.4% of 
S1
Compound S1 (1.06 g, 3.4 mmol) was prepared in 85% yield from (4-bromopent-4-enyloxy)triisopropylsilane 9 according to procedures described for 1b.
To a stirred solution of S1 (624 mg, 2 mmol) in THF (10 mL) was added a solution of tetrabutylammonium fluoride (3 mL, 3 mmol, 1.0M in THF) at 0 °C. The mixture was S26 stirred at room temperature for 4 h. Diethyl ether (30 mL) was added. The mixed solution was washed with water, brine, dried over anhydrous Na 2 SO 4 , and concentrated under reduced pressure to give the crude diol for the next step without purification.
To a solution of above crude diol in THF (20 ml) at 0 °C was added PPh 3 (786 mg, 3 mmol, 1.5 equiv), followed by phthalimide (323 mg, 2.2 mmol, 1.1 equiv). A solution of DEAD in toluene (40% w/w, 1.3 g, 3.0 mmol, 1.5 eq.) was added dropwise to the reaction mixture. The reaction was allowed to slowly warm to rt over 2.5 h, then the solvents were removed in vacuo. Purification by chromatography on silica provided imide 1e (421 mg, 74% for 2 steps) as a solid. 
1-(1-(4-chlorophenyl)vinyl)cyclobutanol (1g)
Compound 1g (432 mg, 2.08 mmol) was prepared in 52% yield from α-bromo-4-chlorostyrene according to procedures described for 1f. 
1-(1-p-tolylvinyl)cyclobutanol (1h)
Compound 1h (360 mg, 1.92 mmol) was prepared in 48% yield from α-bromo-4-methylstyrene 10 according to procedures described for 1f. 
1-(1-o-tolylvinyl)cyclobutanol (1i)
Compound 1i (428 mg, 2.28 mmol) was prepared in 57% yield from α-bromo-2-methylstyrene 10 according to procedures described for 1f. 
General procedure for the synthesis of alkyl substituted
14.
General procedure for the synthesis of 
General procedures for visible light photoredox promoted gold-catalyzed ring-expansion arylation reactions
Method A: Ether (15 mL) was added to precipitate remaining diazonium. The mixture was filtered with a pad of silica gel and the filtrate was concentrated under reduced pressure. The residue was purified by chromatography on silica gel to give desired arylation product.
Method B:
Same procedure with Method A but Ir(ppy) 3 (3.3 mg, 2.5 mol%) was used instead of Ru(bpy) 3 (PF 6 ) 2.
Method C:
Same procedure with Method A but (4-CF 3 Ph) 3 PAuCl (14 mg, 10 mol%) was used instead of Ph 3 PAuCl.
Method D:
Same procedure with Method A but (4-CF 3 Ph) 3 PAuCl (14 mg, 10 mol%), Ir(ppy) 3 (3.3 mg, 2.5 mol%) and ArN 2 BF 4 (4 equiv) was used. 
Characterization data of products
[S(R), S(R)]-deuterated-2-benzyl-2-hexylcyclopentanone (6)
Oil, D = 94%, with 1.2% of 7, 46 mg, 88% yield from Method A. 1 
